Persistent bacterial infection of host tissue is gaining recognition as a major and previously unappreciated factor in chronic diseases, including gastric cancer (7), coronary heart disease (17, 27, 32) , and preterm delivery of low-birth-weight infants (18) . Periodontal diseases that result from persistent bacterial infection in the gingival sulcus have also been linked to an increased incidence of preterm delivery of low-birthweight infants (30) and cardiovascular disease (5) . Local persistent infections may exert systemic effects by the release of antigens or modulation of systemic cytokine levels. However, the mechanisms that bacteria employ to overcome innate host defense and persist in host tissue are still largely unknown.
Adult periodontitis is a highly destructive chronic inflammatory disease that is highly prevalent in human populations and a major cause of tooth loss (37) . The microbiology of the disease is complex, and the periodontal pocket can contain more than 300 species that may reach concentrations exceeding 10 8 bacteria per site. Only a small subset of these organisms, however, is considered pathogenic due to their ability to elaborate various enzymes and toxic products that directly impinge upon periodontal tissues and provide a stimulus for host inflammatory reactions. Under certain circumstances, the inflammatory response mediates destruction of the tissue and alveolar bone surrounding the tooth root. Porphyromonas gingivalis is considered one of the foremost periodontal pathogens due to a strong clinical correlation (37) and its ability to induce disease in primates (20) . This bacterium possesses pathogenic properties, including the ability to invade host epithelial cells, that are consistent with its clinically defined role (8, 23) . However, an understanding of the pathogenic mechanisms by which this organism causes disease at the molecular and cellular levels is still incomplete.
Molecular mediators of the inflammatory arm of innate host defense, such as E-selectin, intracellular adhesion molecule 1 (ICAM-1), and interleukin 8 (IL-8), are expressed in clinically healthy periodontal tissue (26, 29, 39) . The expression of these molecules is consistent with the characteristic low-level inflammatory cellular infiltrate of neutrophils and monocytes found in healthy periodontal tissue in response to bacterial colonization (31) . IL-8 forms a gradient of expression in clinically healthy periodontal tissue that is highest at the bacterial cellepithelial cell interface and decreases deeper in the periodontium (39) . This gradient directs neutrophils to the site of bacterial colonization, thereby protecting normal periodontal tissue from neutrophil mediated damage. Low-level expression of these inflammatory mediators is believed to be key for the maintenance of clinically healthy tissue, although the factors that regulate their expression are not known.
Recent studies have pointed out the important contribution that epithelial cells make to innate host defense (1, 2, 12, 21, 25, 34) . Gastrointestinal and uroepithelial cells express a limited spectrum of proinflammatory cytokines in response to both invasive and noninvasive bacteria. This limited proinflammatory response has been proposed to "limit the consequences of microbial exposure at the mucosal surface and help maintain the integrity of other tissue compartments" (1) . This is especially relevant in the periodontium, where epithelial cells are constantly exposed to microbial antigens. However, little is known about the response of gingival epithelial cells (GEC) to periodontal bacteria. In this report, the ability of primary GEC to secrete IL-8 in response to periodontal bacteria was examined. It was found that a variety of periodontal bacteria not normally associated with disease were potent stimulators of IL-8 from GEC. In contrast, not only did P. gingivalis fail to elicit the accumulation of this chemokine but it also inhibited IL-8 accumulation in response to other bacteria. Based upon these observations, a novel mechanism of subversion of innate host defenses by P. gingivalis is described.
MATERIALS AND METHODS
Reagents and buffers. Reagent-grade chemicals were obtained from Sigma Chemical Co., St. Louis, Mo. Pooled human serum was obtained from Gemini Bioproducts, Calabasas, Calif. Lipopolysaccharide (LPS) was purified as described previously (10) .
Bacteria and culture conditions. P. gingivalis 33277 was maintained as frozen stock cultures. P. gingivalis 381 and DPG3, kindly provided by R. J. Genco (State University of New York), are a parent laboratory strain and a fimbria-deficient mutant, respectively. DPG3 was created by insertional inactivation of the fimA gene (24) . Bacteria were grown anaerobically at 37°C in Trypticase soy broth supplemented with hemin and menadione (22) . P. gingivalis MP4-504 is a lowpassage clinical isolate obtained from periodontal tissues (23) . Fusobacterium nucleatum 25586, Neisseria flavescens 13120, Haemophilus parainfluenzae BMS C128, Eikenella corrodens 23834, and Leptotrichia buccalis 14201 are maintained as frozen stock cultures and grown as described previously (9) .
Epithelial cell culture. Primary cultures of GEC were obtained from gingival explants and maintained in tissue culture in keratinocyte growth medium (KGM) (Clonetics) as described previously (23) . KB cells, an oral epithelial line, were maintained as frozen stocks and cultured in Dulbecco modified Eagle medium (Gibco).
Bacterial coincubation with GEC and detection of IL-8. Bacteria, washed and suspended in phosphate-buffered saline (pH 7.2), were added (10 8 cells/well, unless otherwise noted) to primary (passage 3 or 4) GEC in KGM or KB cells containing 1% (final concentration) pooled human serum as a source of human lipopolysaccharide binding protein and soluble CD14. After 18 h of coincubation with bacteria, the culture supernatant was removed and IL-8 was detected with Cytoscreen IL-8 Immunoassay Kit (Biosource International, Camarillo, Calif.) as described by the manufacturer. The number of bacteria added to GEC was calculated by a predetermined conversion factor that related the optical density to the number of bacteria and confirmed retroactively by viable counting. Bacterial viability experiments demonstrated that the bacteria did not grow in the epithelial cell culture medium during the experiments, so the number added represents the highest number of bacteria exposed to the GEC. In experiments which contained the addition of P. gingivalis and other bacteria (for example, F. nucleatum plus P. gingivalis), the other bacteria (10 8 ), and P. gingivalis bacteria (10 6 ) were mixed before addition to the GEC. Where indicated, 40 ng of anti-CD14 antibody (MY4; Coulter Immunology, Hialeah, Fla.) per ml was added to the reaction mixture along with the bacteria.
Epithelial cell viability was determined on duplicate plates by several methods: the intracellular esterase hydrolysis of calcein-acetomethyl ester method as described by the manufacturer (Molecular Probes, Inc., Eugene, Oreg.), trypan blue exclusion, and calcium responses to ionomycin.
Reverse transcription-PCR (RT-PCR) analysis of IL-8. Total RNA from approximately 2 ϫ 10 6 GEC was purified by using the RNA-Stat 30 kit (Tel-Test "B", Inc., Friendswood, Tex.) according to the manufacturer's protocol. cDNA was synthesized from 3 g of total RNA using the SUPERSCRIPT Preamplification System (GIBCO-BRL) according to the manufacturer's instructions. Five microliters of a 1:30 dilution of cDNA in a total volume of 50 l was used for PCR analysis. Oligonucleotide primers were used at a final concentration of 1 M. The PCR was performed for 35 cycles, with 1 cycle consisting of denaturation at 94°C for 1 min, annealing at 54°C for 2 min, and polymerization at 72°C for 3 min. The oligonucleotide primers used in the PCR for IL-8 are as follows: 5Ј oligonucleotide, TTTCTGATGGAAGAGAGCTCTGTCTGGAA CC, and 3Ј oligonucleotide, AGTGGAACAAGGACTTGTGG TGGCTA. Oligonucleotides specific for human B-actin used as controls for mRNA and cDNA synthesis were as follows: 5Ј oligonucleotide, GTCGGTTGGAGCGAGCATC, and the 3Ј oligonucleotide, AGCCCTGGCTGCCTCCAC. The amplified PCR products were then analyzed by electrophoresis on 1% agarose gels. The identities of the bands were confirmed by sequence analysis.
RESULTS
GEC secrete IL-8 in response to periodontal plaque bacteria. The ability of GEC to secrete IL-8 in response to several different periodontal plaque bacteria was examined. During the assay period, bacteria did not multiply significantly, and the epithelial cell monolayer remained adherent, with cells displaying their characteristic morphology. Several common dental plaque bacteria were able to elicit accumulation of IL-8 into the GEC culture supernatant ( Table 1) . Coincubation of bacteria and GEC was sufficient to elicit IL-8 accumulation, and centrifugation to promote adherence was not required. It was not determined if whole bacteria or released cell wall material was responsible for the activation. IL-8 accumulation increased with increasing concentrations of F. nucleatum ( Fig. 1 ). Activation of GEC by F. nucleatum required CD14, a key mediator of innate host defense that recognizes and funnels bacterial antigens to activation pathways in host cells including epithelial cells (33, 41, 42) . The component of F. nucleatum responsible for CD14-dependent IL-8 accumulation by GEC is currently under investigation.
In contrast, exposure of GEC to P. gingivalis did not result in the production of IL-8 ( Table 1) . Addition of 10 2 to 10 9 cells of P. gingivalis failed to result in IL-8 accumulation in the supernatant (not shown). Lack of IL-8 accumulation was not due to GEC toxicity. Consistent with a previous study (23) , GEC exposed to P. gingivalis maintained their characteristic morphology, remained adherent, excluded trypan blue, were able to respond to ionomycin (10 Ϫ5 M) with an increase in intracellular calcium levels indistinguishable from that in control cells, and remained viable as determined by the calcein hydrolysis method.
Periodontal bacterium coincubation with P. gingivalis resulted in the lack of IL-8 accumulation. In addition to the lack of IL-8 accumulation, P. gingivalis also prevented IL-8 accumulation when GEC were exposed to mixtures containing this bacterium and other subgingival plaque bacteria (Table 1) . P. gingivalis inhibition of the IL-8 response to F. nucleatum was FIG. 1. F. nucleatum induces IL-8 accumulation from GEC. Various amounts of F. nucleatum were coincubated with GEC as described in the text. After 18 h, the culture supernatant was removed and the level of IL-8 in the culture supernatant was determined. The amount of IL-8 in culture supernatants without the addition of bacteria was 40 (Ϯ9) ng/ml. Three separate experiments were performed, and the data are presented as the averages and interassay standard deviations (with 10 8 F. nucleatum cells, more than 500 ng of IL-8 per ml was detected in each experiment). 2 ). Although all strains were able to inhibit IL-8 accumulation, there was a wide variability in the number of bacteria necessary to produce inhibition. For example, the most potent strain, P. gingivalis MP4-504, inhibited IL-8 accumulation when more than 10 5 bacteria were used, whereas 3 log units more of P. gingivalis DPG3, a fimbrianegative mutant, were required for inhibition (Fig. 2) . A sharp titration curve of inhibition was observed for all strains, with complete inhibition occurring within a range of bacterial concentration of 1 log unit.
One possible explanation for the lack of IL-8 accumulation when P. gingivalis and other periodontal bacteria are coincubated with GEC is the potent repertoire of proteases this organism contains (4, 6) . This possibility was examined by adding various concentrations of the same four strains of P. gingivalis examined above to culture supernatants containing IL-8 and determining the amount of IL-8 remaining in the supernatant after incubation for 18 h at 37°C. The source of IL-8 for these experiments was spent F. nucleatum-exposed GEC supernatants, which contained approximately 300 ng of IL-8 per ml. In three separate experiments, IL-8 was not detected after the addition of 10 8 bacteria of any of the strains examined. In addition, no IL-8 was detected after the addition of 10 7 P. gingivalis MP4-504. In contrast, no reduction in the amount of IL-8 was observed at lower bacterial concentrations of any of the strains examined (concentrations of 10 4 to 10 8 were examined). The lack of detectable IL-8 after incubation of high numbers of P. gingivalis is consistent with degradation due to production of extracellular-or cell-associated proteases (4) . P. gingivalis halted ongoing IL-8 accumulation without loss of previously secreted IL-8. Three of the four P. gingivalis strains examined inhibited IL-8 accumulation when added to GEC at bacterial concentrations significantly lower than necessary for degradation of existing IL-8 in culture supernatants ( Fig. 2 and preceding paragraph) . For example, strain 33277 completely inhibited IL-8 accumulation when added to GEC at concentrations of 8 ϫ 10 5 bacteria per well and above, whereas 10 8 bacteria per well were required to obtain degradation of existing IL-8 in culture supernatants. A similar difference in the inhibition of IL-8 accumulation was observed for strains MP4-504 and 381. In contrast, strain DPG3 did not inhibit IL-8 accumulation when lower concentrations of bacteria were added to GEC.
The ability of P. gingivalis to inhibit IL-8 accumulation without loss of previously secreted IL-8 was investigated next. F. nucleatum was added to GEC, and the amount of IL-8 that accumulated in the culture supernatant was determined over an 18-h period (Fig. 3) . Separately, P. gingivalis 33277 was added to GEC 4 or 8 h after the addition of F. nucleatum when a significant amount of IL-8 had already accumulated in the culture supernatant. The effect of the addition of P. gingivalis 33277 on the accumulation level of IL-8 was evaluated after 18 h. After the addition of 10 6 P. gingivalis 33277 bacteria at either the 4-or 8-h time point, no additional IL-8 accumulation occurred and there was no significant loss in the levels of previously secreted IL-8. At higher bacterial concentrations, consistent with the earlier results, no IL-8 was detected in the culture supernatant, indicating degradation of the previously secreted IL-8 (data not shown). In another experiment, P. gingivalis MP4-504 (10 5 bacteria) was added 4 and 8 h after the addition of F. nucleatum, and similar to results obtained with P. gingivalis 33277, no further IL-8 accumulation occurred after 18 h. These experiments demonstrated that P. gingivalis was able to terminate IL-8 accumulation by a mechanism which did not involve degradation or sequestration of existing IL-8.
Two noninvasive mechanisms for P. gingivalis inhibition of IL-8 accumulation were examined. P. gingivalis LPS is a transcriptional inhibitor of IL-8 and E-selectin expression from human vascular umbilical cord endothelial cells (HUVEC) (9) . Therefore, the possibility that LPS inhibited IL-8 accumulation in GEC was examined. The addition of P. gingivalis LPS (three separate experiments with 1 g of LPS per well, one experiment with 10 g of LPS per well) to F. nucleatum-exposed GEC (methodology was as described for bacterial cell coincubations; see the legend to Fig. 2 ) did not inhibit IL-8 accumulation (data not shown). LPS at 1 g/well is at least 100-fold in excess of the amount present in 10 6 whole bacterial cells (the
FIG. 2. P. gingivalis inhibition of IL-8 accumulation.
F. nucleatum (10 8 bacteria) and various amounts of P. gingivalis 33277, MP4-504, 381, or DPG3 were mixed before addition to GEC. After coincubation with GEC for 18 h, the level of IL-8 was determined as described in the text. The amount of IL-8 inhibition was determined by comparing the amount of IL-8 detected after incubation with the combination of P. gingivalis and F. nucleatum to that obtained with F. nucleatum alone. Three separate experiments were performed for each strain. In each experiment, at most datum points, there was either complete or no inhibition of IL-8 accumulation, depending upon the concentration of bacteria examined. When partial inhibition occurred, an average of the three experiments is presented. (10 8 bacteria) was added to GEC, and the amount of IL-8 in the culture supernatant was determined at the indicated times ({). At 4 (ᮀ) and 8 h (‚) after F. nucleatum addition to GEC, P. gingivalis (10 6 bacteria) was added to the wells (indicated by arrows). The cells were allowed to incubate for 18 h, and the level of IL-8 in the culture supernatant was determined. The data are presented as the means and standard deviations from at least three separate experiments.
FIG. 3. P. gingivalis 33277 inhibition of additional IL-8 accumulation without degradation of preexisting IL-8. F. nucleatum
amount of LPS present in 10 6 cells was estimated by assuming an individual cell weight of 2.8 ϫ 10
Ϫ13 g and LPS representing 3.4% of the dry weight of cells [28] ). This number of bacterial cells is sufficient to completely inhibit IL-8 accumulation (Fig.  2) and is more than sufficient to completely inhibit E-selectin expression and IL-8 accumulation with the complete loss of E-selectin and IL-8 mRNA in HUVEC (9, 35) . Therefore, exogenously added purified LPS at the concentrations used in these experiments is apparently not an inhibitor of GEC-secreted IL-8.
The possibility that P. gingivalis and GEC cell contact was responsible for the inhibition of IL-8 accumulation was also examined. Although experiments described above demonstrated that 10 6 P. gingivalis bacteria added to GEC after the addition of F. nucleatum did not degrade existing IL-8, a more thorough examination of the possible induction of P. gingivalis or GEC proteases was performed. IL-8 and 10
6 P. gingivalis 33277 bacteria were premixed and added to GEC, and the amount of IL-8 remaining in the supernatant after 18 h at 37°C was determined. In two separate experiments, no significant loss of IL-8 was observed (data not shown), demonstrating that bacterial and epithelial cell contact alone was not sufficient for IL-8 degradation in our assay system. P. gingivalis inhibited IL-8 mRNA accumulation in F. nucleatum-stimulated GEC. Further experiments revealed that a combination of P. gingivalis (10 6 cells) and F. nucleatum (10 8 cells) reduced IL-8 mRNA levels from those obtained when F. nucleatum (10 8 cells) was added alone (Fig. 4) . Relative levels of IL-8 mRNAs were determined from GEC treated with P. gingivalis (10 6 cells), F. nucleatum (10 8 cells), or a combination of P. gingivalis (10 6 cells) and F. nucleatum (10 8 cells). After 18 h of exposure to the bacteria, mRNA was extracted from GEC and the relative amounts of IL-8 and actin mRNAs were determined by RT-PCR with appropriate probes. Scanning densitometry and quantitation of the gel using NIH Image 1.6 revealed a 75% decrease in the amount of IL-8 mRNA compared to that of actin mRNA in P. gingivalis-infected GEC. Thus, inhibition of IL-8 accumulation by P. gingivalis results in a partial reduction in the steady-state level of IL-8 mRNA, suggesting an internal effect on the GEC.
P. gingivalis invasion of GEC represents a possible mechanism by which this organism inhibited IL-8 accumulation.
During this investigation, an association between the ability of P. gingivalis to invade GEC and the number of bacteria required to observe IL-8 inhibition when added to GEC was found. For example, P. gingivalis DPG3 is severely impaired in its ability to invade GEC (40), most likely due to an insertion mutation in the fimA gene. As shown above ( Fig. 2 and text) , in contrast to the other strains examined, strain DPG3 and its isogenic parent, 381, did not inhibit IL-8 accumulation at concentrations of bacteria below 10 8 per well. Furthermore, this concentration of bacteria was sufficient to degrade previously secreted IL-8, making degradation rather than inhibition of secreted IL-8 the most likely mechanism of IL-8 inhibition for this strain. In addition, strain MP4-504, which is the most invasive strain examined in this study (23) , required the fewest bacteria to produce inhibition of IL-8 accumulation (Fig. 2) . Consistent with a requirement for invasion (23) , chloramphenicol-treated or heat-killed P. gingivalis did not inhibit F. nucleatum-stimulated IL-8 accumulation.
Further evidence for a requirement of invasion to facilitate IL-8 antagonism was provided by the use of KB oral epithelial cells (Fig. 5) . P. gingivalis adheres to this epithelial cell line but invades at a very low frequency (11) . Similar to primary GEC, F. nucleatum, but not P. gingivalis, stimulated IL-8 accumulation (Fig. 5) . However, in contrast to the results obtained with cells permissive for invasion, little or no inhibition of IL-8 accumulation was observed when P. gingivalis 33277 was added to F. nucleatum-stimulated KB cells. The lack of IL-8 antagonism in oral epithelial KB cells is consistent with a requirement for bacterial invasion.
DISCUSSION
Clinically healthy periodontal tissue is known to contain a low level of cellular inflammatory infiltrate (31) . Accordingly, the expression of several molecular mediators of inflammation has been demonstrated in healthy tissue (26, 29, 39) . The lowlevel expression of mediators such as E-selectin (26, 29) and IL-8 (39) in healthy tissue most likely contributes to the remarkable ability of the host to limit periodontal bacterial (2, 21, 33, 34) . In addition, the production of these mediators can be induced indirectly by cytokines produced by bacterial interactions with monocytes or neutrophils (19, 43) . At other mucosal cell-bacterial cell interfaces, epithelial cells have been proposed to be an important component of innate host defense that first detects and responds to the presence of bacteria by accumulation of a limited number of mediators, including IL-8 (21) . A recent in situ analysis of clinically healthy periodontal tissue revealed an IL-8 concentration gradient greatest at the epithelial cell-bacterial interface that decreased deeper in the periodontal tissue (39) . It is possible that periodontal bacterial interactions with the inflammation arm of innate host defense provide the stimulus and direction for clinically healthy low-level cellular surveillance of periodontal tissue (38) . As demonstrated in this study, the ability of a select group of periodontal bacteria not normally associated with disease to directly activate IL-8 accumulation from GEC is consistent with this idea. However, the specific contribution of these or other periodontal bacteria to innate host surveillance is not known. In addition, the relative importance of direct (bacterial) activation or indirect (bacterial to myeloid) activation of nonmyeloid cells in the periodontium remains to be determined. Nevertheless, it appears likely that clinically healthy periodontal tissue is "armed" with low-level inflammatory mediator expression which is brought about by host cell contact with periodontal bacteria. In contrast to the response elicited by other periodontal bacteria, GEC did not secrete IL-8 when coincubated with several different strains of the periopathogen P. gingivalis. This is consistent with the failure of P. gingivalis to elicit E-selectin expression (9) or IL-8 accumulation (35) from human endothelial cells. The lack of host cell detection of P. gingivalis has been proposed to contribute to bacterial colonization of the host (9, 36) . Perhaps more significant, however, was the ability of P. gingivalis to inhibit IL-8 accumulation induced by other bacteria. At high bacterial concentrations (generally 10 8 bacteria) preexisting IL-8 was destroyed (as evidenced by the failure to detect it by in an enzyme-linked immunosorbent assay), most likely by P. gingivalis protease activity. Support for this contention is provided by a recent report demonstrating that P. gingivalis proteases can degrade IL-1b and IL-6 (14) . Evidently, P. gingivalis is able to degrade a variety of different cytokines. In addition, however, P. gingivalis inhibited IL-8 accumulation (Fig. 2 and 3 ) at bacterial concentrations below those required for loss of existing IL-8 in our assay system. Further experiments with purified LPS suggested that the mechanism of inhibition was not due to exogenously added P. gingivalis LPS.
Two lines of evidence provided in this study support the hypothesis that inhibition of IL-8 accumulation required bacterial invasion. First, P. gingivalis did not inhibit F. nucleatuminduced IL-8 accumulation from oral epithelial KB cells. P. gingivalis adheres to this cell line but invades at a very low frequency (11) . We propose that the low frequency of invasion was insufficient to inhibit IL-8 accumulation at the bacterial concentrations employed in this study. In addition, P. gingivalis DPG3, which exhibits impaired invasion capability (40), did not inhibit IL-8 accumulation in GEC. Therefore, inhibition of IL-8 accumulation requires invasive P. gingivalis and epithelial cells permissive to invasion.
The mechanism of IL-8 inhibition appears to involve regulation of IL-8 expression at both the transcriptional and posttranscriptional levels. However, the ability of P. gingivalis to inhibit IL-8 from epithelial cells is apparently different from that observed with inhibition of chemokines and cellular adhesion molecules from endothelial cells. In these instances, the addition of P. gingivalis LPS to HUVEC results in complete inhibition of mRNA for E-selectin and IL-8 (9, 35) . The mRNA for IL-8 was not completely inhibited in our study, yet the extracellular IL-8 accumulation was completely halted. It is possible that P. gingivalis inhibits IL-8 secretion but not intracellular accumulation and that this serves as a feedback mechanism and reduces but does not eliminate IL-8 transcription. It is also possible that invasion facilitates the intracellular or membrane delivery of LPS, which then facilitates suppression of IL-8 mRNA synthesis. This is consistent with the recent observation that LPS can be released after bacterial invasion (16) . Alternatively, invasion may signal P. gingivalis to secrete an IL-8 inhibitor which is independent of potential protease or LPS effects. Inhibition of IL-8 accumulation by P. gingivalis at sites of bacterial epithelial cell invasion could have a devastating effect on innate host defense in the periodontium, where bacterial exposure is constant. The host may no longer be able to detect the presence of bacteria and direct leukocytes for their removal. The impairment of the innate host defense inflammatory surveillance system may facilitate bacterial overgrowth. In some respects, this potentially pathogenic mechanism of P. gingivalis is similar to leukocyte adhesion deficiencies I and II (LAD I and II). These congenital deficiencies in leukocyte diapedesis from the vasculature render the host susceptible to potentially any component of the subgingival microbiota and result in severe periodontal disease (3, 13) . However, the effect proposed here is bacterially induced and would remain localized to areas where P. gingivalis is present. We have termed this process local chemokine paralysis, since the ability to detect and locate bacterial colonization by IL-8 would be effectively paralyzed and unable to function at sites of P. gingivalis invasion. P. gingivalis-induced local chemokine paralysis represents a novel mechanism for mixed microbial infection of host tissue and provides an additional role for P. gingivalis in the periodontal disease process.
